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In order  to account for  a certain  number  of phenomena  described
and studied in Papers I to VI,'  it has been assumed  that a monomo-
lecular  layer  of  oriented molecules exists at  a  given  dilution  of  the
serum;  namely,  1:10,000.  The  term  monomolecular  was  used  for
convenience,  but should  not be  taken  in its definite  chemical  sense.
The  term monomicellar  could  have  been  used,  but  as micelle  have
never  been  looked  upon  as  having  a  definite  architecture,  and  as
their  structure  is  still subject  to  controversy,  it was  thought better
to  use  the  word  molecule  provisionally.  Consequently,  by  mono-
molecular  film,  or  layer,  we  mean  a  layer  of  organized  molecules
or  of  organized  groups  of  molecules  which  can  be  bound  together
by  molecular forces.
If such  a film really exists at a dilution  of  1: 10,000,  it seems  that
the rate of evaporation, in a watch-glass,  should be different  from that
at  other  concentrations,  since  the  homogeneity  of  the  film  should
prevent  water  molecules  from  escaping  from  the  surface  as  easily.
This  solution  should,  therefore,  evaporate  more  slowly.  At higher
concentrations,  the  serum  molecules  are  disposed  in  thicker  layers.
As  they are  presumably  piled up and  not oriented,  the small  water
molecules  can pass between  the large  agglomerations  of micellae  and
evaporate  more  rapidly.  The  same  thing  should  happen  at  high
'du  Noiy, P.  L.,  J.  Exp. Med.,  1922,  xxxv,  575,  707;  xxxvi,  115,  547;  1923,
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dilution,  when  the number  of  serum molecules  is no longer sufficient
to  cover  the  surface  of  the water.  A  very  crude  comparison  will
perhaps  make this clear.
Suppose  three  square tanks, whose  bases measure  20  by 20 cm., are filled  with
water.  Into the first  tank, 800 or  1,000 small wax  prisms,  1 by  by 2 cm.,  are
thrown.  They will  float  and  pile up  in irregular  layers  and will  not  cover  the
surface of the water evenly, but in a rather  chaotic  way.  Through the  numerous
channels left between  them, the air will come in contact with  the water,  and  evap-
oration will take place.  Such an arrangement  may be thought to correspond  to a
high  serum  concentration,  that from 10-1 to 10.  In the  second  tank,  only  100
prisms are placed.  They will float horizontally or even  vertically, if four or more
stick  together,  but relatively large areas  of water  will  be free  from  them as the
number  is  not  large  enough  to  cover  the  whole  surface.  This  condition  is
analogous  to that at low  serum concentrations, from  10-5 up.  In the third tank,
exactly  400 prisms are placed  vertically, side by side, so  as to cover the surface of
the water smoothly and completely.  There will be no  contact between  the water
and  the  air,  except  through  crannies,  and evaporation  will  be  very  slow.  The
surface  covering corresponds  to  the oriented  layer existing at  the optimum dilu-
tion of serum for our vessels; namely,  10
-4.
The results  of  the  experiments  made  to  test  this  assumption  are
given  in Tables I to IV, which express the diameter of  the surface  of
the liquid in watch-glasses, towards the end of evaporation.  Between
4 and 6 hours were required to reduce the original diameter of 40 mm.
to those recorded in the first line of Tables I  to IV  (Text-fig.  1).
In another  experiment  (Table  V),  after  5 hours  and  20  minutes,
evaporation  was  progressing  very  slowly.  For  this  reason,  a  fan
was  turned  on  the  watch-glasses,  and  a  very  rapid  evaporation
followed.
The  solutions  of Sera  226,  227,  228, and 229 (Tables I to IV) were
kept  in  test-tubes  at  room  temperature,  and  the next  day  exposed
to  evaporation  exactly  as  before.  This  time,  it  seemed  that  the
slowest  evaporation  tended  to  shift  to  the  1:1,000  dilution;  the
difference  was not so marked  as in previous experiments  between the
diameters  of  the  1:10,000  solution  and  the  1:1,000.  The  reason
may  be  that large  aggregates  are  formed  overnight,  the  molecules
associate  in  some  way,  and  the  1:1,000  solution,  despite  its  higher
concentration,  is  covered  with  a  more  homogeneous  film  than  the
1:10,000  solution.  This  view,  though  purely  hypothetical,  appears
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to  be  supported  by  the  fact  that,  when  the solutions  are prepared
from very fresh serum,  there is a tendency  for a shift to occur in the
TABLE  I.
Serum 226.
Diameter  of Serum Solutions (Rabbit) Evaporating in Watch-Glasses.
Dilution ..........................................  10-  10-2  10-  10-  10-  10-
Diameter  in mm.  at 5.41  p.m.,  after  6 hrs.
evaporation ...........................  26  27  27  30  27  26
After 30 min .............................  20  20  23  26.5  23  22
"  hr  ...........................  0  0  6  14  0  0
TABLE II.
Serum 227.
Diameter of Serum Solutions (Rabbit) Evaporating in Watch-Glasses.
Dilution ............................................  10-'  10-2  10q-  10-4  10-'  10-
Diameter  in mm. at 5.42 p.m  ..  . 18  23  21  21  20  20
After 50 min ............................  0  5  8  12  0  0
TABLE  III.
Serum 228.
Diameter of Serum Solutions (Rabbit) Evaporating in Watch-Glasses.
Dilution ............................................  10-'  10-2  10-  104  10-  10-'
Diameter in mm. at 5.45  p.m  ...  18  18  12  22  13  18
After 30 min .............................  0  0  0  15  0  0
TABLE  IV.
Serum 229.
Diameter of Serum Solutions (Rabbit) Evaporating in Watch-Glasses.
Dilution ...................  .........................  1  0-  1  0-4  10-6  10-6
Diameter  in mm. at 5.50 p.m...............  0  20  23  26  25  23
After 30 min.  0  12  19  23  22  18
"  40  "  0  0  6  18  6  0
evaporation  rate  towards  the  1:100,000  solution,  which  evaporates
more slowly.  However,  in the great majority of cases, it can be saidSURFACE  TENSION  OF  SERUM.  VIII
that a markedly slower evaporation rate is to be noted at a dilution of
1:10,000.  It  is  always  slower  between  1:1,000 and  1:100,000 than
at other  dilutions.
An  attempt  was  made  to  improve  the  technique  employed  by
spreading  only  0.5  cc.  of  solution  on  a  piece  of  plate  glass,  over  a
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Concentration t0 -i to0 - t0  10  4 t0-5 10-6
TEXT-FIG.  1.  Diameter  of serum  solutions  in watch-glasses  after  a few  hours
evaporation,  showing that the solutions to 1:10,000 evaporated  more slowly than
the others  (cf. Tables I  to IV).
circle 50  mm. in diameter.  The  size of  the  circle  and the  quantity
of  liquid  were measured  as accurately  as  possible.  Tables  VIII  to
XII give  the  time required  for 0.5  cc.  of  solution to evaporate  com-
pletely.  The zero was  arbitrarily taken as the moment one solution,
whichever  it was,  dried  out completely, and  dilutions  were  arranged
according  to their greater  tendency  to evaporate.
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Surface It will be seen that the ratio,  V  , is not the same in the case  of Volume'
0.5  cc.  spread  over an area of  18.6 sq.  cm. as in our standard watch-
TABLE V.
Serum 237.
Diameter of Serum Solutions (Rabbit) Evaporating  in Watch-Glasses.
Dilution ............................................  10-L  10-2  103-  a  _  10-t  10-_
Diameter in mm.  at 2.20 p.m ...............  8  11  4  20  20  19
After  5 min  .............................  0  3  0  16  14  10
"  10  "  ..............  ...  .......  0  0  0  13  8  0
"  15  "  ............................  0  0  0  11  0  0
"  20 "  ............................  0  0  0  10  0  0
"  25 "  ............................  0  0  0  6  0  0
"  30 "  ........................  0  0  0  0  0  0
TABLE VI.
Serum 236.  (Fan  Blowing.)
Diameter of Serum Solutions (Rabbit) Evaporating  in Watch-Glasses.
Dilution ...................................... ...... 10-  10-  10 10-'  10-  1  lO  1
Diameter in mm. at 3.00 p.m ...............  7  4  0  8  7  0
After  5  min .............................  4  0  0  5  0  0
"  7  "  ...........................  0  0  0  4  0  0
"  12  "  ............................  0  0  0  0  0  0
TABLE  VII.
Serum 235.  (Fan  Blowing.)
Diameter of Serum Solutions (Rabbit) Evaporating  in Watch-Glasses.
Dilution  ......................
Diameter  in mm. at 4.39
p.m ................
After  6 rmin.............
"  11  "  ............
"  21  "  ............
"  24  "  ............
31  ............
45  "............
"  51  "  ...........
10-'
14
11
10
6
0
0
0
0
10-2
10
0
0
0
0
0
0
0
10-3
14
8
0
0
0
0
0
0
10-t
20
19
19
18
18
12
8
0
10-5
20
19
19
18
Became  very  irregular
in shape; did not wet
glass.
10-'
19
18
18
10
0
0
0
0
.
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glasses.  In  the  watch-glasses,  it  is  roughly  12; in the present  case,
74.  The  ratio  of  these  two  figures  is  approximately  6.16.  Conse-
quently,  the concentration  should be about six times greater in order
to produce  the monomolecular  film and, according  to the hypothesis
TABLE  VIII.
Serum 230.
Evaporation  of Serum Solutions (Rabbit).
Dilution ...............  .............  10-  10-6  10-  10-2  10-|  10-
4
Time in min ...........  0  1  2  12  14  16
The figures indicate the number of minutes which were required by each solution
to dry, the zero time being taken when one of them, no matter which,  dried first.
TABLE  IX.
Serum 231.
Evaporation of Serum Solutions (Rabbit).
Dilution .................  10-8  10-6  10-I  10-3  10-2  10-4
Time in min...  2  5  12  12  min.,  30 sec.  18  min.,  15 sec.
The  figures indicate  the number of minutes  which were  required by each solu-
tion to dry, the zero  time being taken  when one of them, no matter which, dried
first.
TABLE  X.
Serum 237.
Evaporation of Serum Solutions (Rabbit).
Dilution  ...........................  10-'  10-2  10-  10-'  10-  10-
Time in  min ......  0  1  2  9  Solutions  did not wet  the
glass  evenly.
The  figures  indicate the number of minutes  which were  required by each  solu-
tion to dry, the zero time being taken when  one of them,  no matter which, dried
first.
now  under  consideration,  the  10-4 solution  should  evaporate  more
rapidly  than  the  1:1,650  solution.  However,  experiments  showed
that  there  was  little  difference  between  the  rate  of  evaporation  of
these  two  concentrations.  The  reason  for  this  is  not  quite  plain.
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Perhaps,  the  extreme  thinness  of  the  liquid  may  have  affected  the
normal  formation  of  the  monomolecular  layer.
These  experiments,  although  apparently  quite  simple,  are  not
easy  to  carry  out on  account  of  the  difficulty  in  obtaining  a  large
piece  of  plate  glass  which  will  wet  thoroughly  and  evenly,  and  in
leveling it so  as to obtain  a perfectly  even evaporation  of the whole
area,  without  any  irregular  thinning  of  the  solutions.  It  was  only
TABLE  XI.
Serum 236.
Evaporation  of Serum Solutions (Rabbit).
Dilution .....................  10  10-'  100  10-  10-  10--|
Time in min ......  0  26  31  50  Solutions  did  not  wet  the
glass  evenly.
The figures  indicate  the number  of minutes  which were required  by each solu-
tion  to dry, the zero time being taken  when one of them,  no matter which, dried
first.
TABLE  XII.
Serum 236.
Evaporation  of Serum Solutions (Rabbit).
Dilution ...................  ........  1:1,000  1:20,000  1  110  )  1:1,650
Time in min.  . 0  12  15  16
The figures indicate the number of minutes which were  required  by each  solu-
tion to dry, the zero  time being taken when one of them,  no matter which,  dried
first.
by frequent washing in a boiling  cleaning fluid and almost immediate
utilization  of  the plates that it was  possible to succeed.  Of  course,
the higher dilutions, on account of their high surface  tension, were the
most difficult  to spread.  In  order  to  prevent  the  spreading  of  the
lower  dilutions  outside  the  limits  of  the  50  mm.  diameter  circle,  a
very  thin circumference  was  traced  on  the glass  with  a wax  pencil.
Although  almost  invisible,  this  line  was  an  absolute  barrier  to  the
solutions.  Fig.  1 shows  the  result  of  a  successful  experiment,  and
Fig. 2 the result when  the glass  was not level, which prevented  even
evaporation.
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Thus,  in  all  cases,  it  was  found  that evaporation  was  decidedly
slower at a concentration  near 1: 10,000.  This confirms  our assump-
tion, and it seems difficult  otherwise  to account  for the phenomenon.
CONCLUSIONS.
The  assumption  has  been  made  in  preceding  papers  that,  at  a
given concentration of 1:10,000, in the vessels used in our experiments,
a monomolecular  oriented  layer was  formed.  Such a layer might be
supposed  to  prevent  the  free  escape  of  water  molecules  from  the
surface  into the  air, at least to  a  certain  extent.
In  order  to  check  this  assumption,  the  rate  of  evaporation  of
solutions  of  serum  at  different  concentrations  was  measured.  It
was  found  that,  under  the  conditions  of  the  experiments,  in a pro-
gression  of  dilutions  from  10-1  to  10-6, the  slowest  evaporation took
place  at  a concentration  of  1:10,000.  In a  few  cases  (less  than  20
per  cent),  evaporation  was  slower  at  a  different  concentration,
but  always  within  the  same  range  (between  10- and  10-5),  not  far
from  10-4.
EXPLANATION  OF  PLATE  37.
FIG.  1. The leveling of the plate was good, and the solutions evaporated  evenly,
drying everywhere at about the same moment  save at a small spot near the center
of the disk, where there was some delay.
FIG. 2.  The leveling was bad and  the solutions started drying on one part of the
circumference,  while the liquid accumulated  on the opposite  side.
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